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ABSTRACT 


An  empirical  study  is  made  of  how  personal  selling,  advertising  and 
technical  service  expenditures  are  associated  with  industrial  products'  gross 
contribution  to  profit.   The  implications  of  a  multiplicative  model  relat- 
ing the  average  gross  contribution  per  customer  to  industrial  marketing 
spending  rates  are  discussed.   Robust  regression  is  used  to  estimate  the 
model's  parameters  on  the  basis  of  a  sample  of  50  industrial  products. 

Results  indicate  that  personal  selling  expenditures  are  the  single 
most  important  factor  of  the  industrial  marketing  mix.   They  do  not  support 
the  hypothesis  that  increasing  returns  to  scale  exist  in  industrial  marketing. 
They  also  shed  some  light  on  the  possible  substitution  between  personal 
selling  and  industrial  communication  expenditures. 
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Introduction 

The  relationship  of  Industrial  marketing  activities  to  a  product's 
contribution  to  profit  has  not  been  well  established.   Recently,  a  review 
appeared  of  the  existing  information  on  the  effectiveness  of  industrial 
marketing  activities,  particularly  the  effectiveness  of  industrial  adver- 
tising in  terms  of  sales  and  profits  (see  Lllien  et  al.  [1]).   The  authors 
concluded  that  only  a  limited  number  of  empirical  studies  were  available. 
They  did  Identify  evidence  of  economies  of  scale,  threshhold  effects  and 
interaction  effects  between  industrial  communication  and  personal  selling. 

This  paper  investigates  on  the  basis  of  data  collected  through  the 
ADVISOR  research  project  [2]  how  personal  selling,  advertising  and  technical 
service  expenditures  are  related  to  Industrial  products'  gross  contribution 
to  profits. 

Our  decision  to  use  the  gross  contribution  to  profits  as  a  measure 
to  be  related  to  these  "budgeted"  marketing  activities  comes  from  the  fact 
that  the  gross  contribution  to  profits  is  made  up  of  three  components  — 
unit  price,  average  total  cost,  and  quantity  sold  which  could  all  be  influenced 
by  the  level  of  these  marketing  activities. 

The  relation  between  a  product  price  and  the  company's  marketing 
activities  has  been  analyzed  by  Palda  [3].   He  considers  that  any  pricing 
decision  must  be  taken  against  the  background  of  the  firm's  total  marketing 
strategy,  so  that  a  product  price  appears  more  as  a  dependent  variable  than 
as  an  Independent  one.   Recently,  Lambin  [4],  argued  that  "consumers  exhibit 
lower  price  responsiveness  in  high-intensity  advertising  markets  than  they 
do  when  the  advertising  level  is  low.   Companies  therefore  have  the  opportunity 
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to  charge  above-normal  prices."  Lambin  mentions,  however,  that  this  oppor- 
tunity tends  to  be  limited  by  the  use  of  price  controls.   The  question  is: 
is  this  comment  applicable  to  industrial  markets? 

The  relation  between  the  quantity  of  a  product  sold  and  the  company's 
marketing  activities  is  one  of  the  basic  postulates  of  marketing  theory 
and  often  the  justification  for  these  expenditures.   If  we  accept  this 
postulate  for  industrial  products,  the  relation  between  the  firm's  marketing 
activities  and  the  average  cost  of  production  is  clearer.   Usually  when 
the  company  operates  below  capacity,  an  increase  in  the  quantity  produced 
leads  to  a  decrease  in  the  average  product  cost. 

In  this  paper,  we  relate  the  average  gross  contribution  of  industrial 
products,  on  a  customer  basis,  to  the  spending  rate  for  personal  selling, 
technical  service,  and  advertising  activities.   Our  results  indicate  that 
a  substantial  part  of  the  variation  in  industrial  products'  gross  contribu- 
tion to  profit  may  be  explained  with  these  three  marketing  activities.   As  a  re- 
gression model  is  only  descriptive,  dealing  with  measures  of  association 
rather  than  causal  relationships  [5],  a  strong  interpretation  of  our  results 
needs  the  assumption  that  industrial  marketing  activities  do  indeed  affect 
a  product's  gross  contribution  to  profit. 

Interpreted  this  way,  our  results  underline  the  importance  of  personal 
selling  in  the  industrial  marketing  mix.   They  do  no  support  the  hypothesis 
that  increasing  returns  to  scale  exist  in  industrial  marketing.   Finally, 
they  allow  us  to  speculate  about  substitution  between  personal  selling  and 
advertising  expenditures. 
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Data  Collection  Procedure 

Our  analysis  has  been  performed  on  data  received  from  five  out  of 
twelve  industrial  companies  that  participate  in  the  ADVISOR  research  project. 
Each  of  these  companies  was  requested  to  provide  information  about  as  many 
industrial  products  as  it  could.   No  special  requirements  were  set  concerning 
the  characteristics  of  the  products  to  be  selected. 

Data  were  collected  by  questionnaire.   The  specific  information  re- 
quested arose  from  a  series  of  personal  interviews  with  industrial  marketing 
managers  about  the  key  variables  that  they  take  into  account  in  budgeting 
decisions.   More  than  190  elements  of  information  were  introduced  in  the 
questionnaire.   The  questions  were  grouped  into  six  broad  areas; 

-  Company  characteristics 

-  Product  qualities 

-  Cost;  profit  information 

-  Growth,  production  and  distribution 

-  Use;  customer  and  competitive  characteristics 

-  Advertising,  personal  selling  and  technical  service 

Due  to  the  confidentiality  of  some  of  the  requested  information, 
companies  were  allowed  to  multiply  actual  numbers  by  a  "security  coefficient." 
'iliis  protection  mechanism  introduces  a  small  random  component  in  some  of  the 
data  so  that  the  actual  amount  is  only  known  with  a  10%  margin.   We  expect 
the  effect  of  this  random  component  on  our  results  is  limited  due  to  the 
way  we  defined  the  variables. 

Our  sample  consists  of  50  industrial  products  that  range  from  raw 
materials  and  chemicals  to  more  elaborate  products  such  as  machinery  and 
equipment.   Most  are  in  one  of  the  first  three  stages  in  the  product  life 
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cycle  and  are  associated  with  oligopolistic  markets. 

Definition  of  the  Variable  Under  Study  and  PreliminaiTr  Analysis 

Our  purpose  is  to  study  the  relationship  between  industrial  products' 
gross  contribution  to  profits  and  the  associated  level  of  personal  selling, 
technical  service  and  advertising  expenditures.   We  have  attempted  to  define 
these  variables  in  such  a  way  that  they  would  have  both  an  operational  mean- 
ing within  the  industrial  marketing  decision  making  context,  and  could  be 
estimated  on  the  basis  of  the  available  data. 

Our  analysis  has  been  limited  to  mainly  seven  variables  whose  definitions 
follow: 


A  ;  A  _   refers  to  the  Advertising  spending  rate  per  potential 
customer  in  1973  and  1972  respectively. 

P  ;  P  _   refers  to  the  P^ersonal  selling  spending  rate  per  poten- 
^        ^  tial  customer  in  1973  and  1972. 

S  ;  S  _   refers  to  the  technical  £ervice  spending  rate  per 
actual  customer  in  1973  and  1972. 

G        refers  to  the  average  gross  contribution  to  profit 

per  actual  customer  in  1973.   This  amount  is  obtained 
by  the  following  relation 


G=  (p-c)q/n   ,   where 

t  *^t    t  ^t    t 

p  =  average  unit  price  for  the  product  in  1973. 

c  =  average  total  cost  of  production  for  the  product, 
only  excluding  marketing  costs. 

q  =  total  quantity  sold  in  1973. 

n     =  actual  number   of   customers   In  1973. 
t 
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In  addition  to  these  seven  variables,  we  defined  several  dummy  vari- 
ables to  control  for  a  stage  in  the  life  cycle  effect  and  for  a  company 
specific  effect.   These  last  variables  were  expected  to  represent  the  com- 
posite effect  of  many  company-product  characteristics  not  explicitly  intro- 
duced in  the  model. 

Note  that  some  of  these  variables  were  defined  on  the  basis  of  the 
actual  number  of  customers  while  others  were  on  the  basis  of  the  potential 
number  of  customers.   Indeed,  it  makes  more  sense  to  relate  industrial  ad- 
vertising and  personal  selling  spendings  to  the  potential  number  of  customers 
as  a  large  part  of  these  expenditures  is  aimed  at  drawing  in  new  customers. 
On  the  other  hand,  the  average  gross  contribution  to  profits,  and  technical 
service  expenditures  are  related  to  the  actual  number  of  customers.   In 
this  study,  the  potential  number  of  customers  was  considered  to  be  the  total 
number  of  customers  for  the  industry  reported  in  the  questionnaire. 

A  preliminary  statistical  analysis  of  the  seven  variables  of  interest 
was  made  and  is  reported  in  Choffray  [6].   Empirical  distributions  for  these 
variables  were  found  to  be  highly  skewed.   Measures  of  centrality  were  very 
sensitive  to  a  few  extreme  observations  and  the  need  for  stabilizing  trans- 
formations was  evident.   A  logarithmic  transformation  was  used,  and  consider- 
ably improved  the  stability  of  the  various  measures  of  centrality. 

A  correlation  analysis  was  also  performed  (see  Choffray  [6]  for 
details).   It  was  found  that  the  advertising  spending  rate  in  1972  was  more 
strongly  related  to  the  average  contribution  to  profit  than  the  advertising 
spending  rate  in  1973,  suggesting  that  industrial  communication  expenditures 
might  have  a  delayed  effect  on  the  product's  contribution  to  profit. 
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In  order  to  deterniine  if  the  effect  of  advertising  expenditures  on 
the  average  contribution  to  profits  was  direct  or  indirect  —  with  personal 
selling  expenditures  as  an  interviewing  variable  —  we  used  a  method  suggested 
by  Simon  [7].   The  partial  correlation  between  advertising  spending  rate 
and  average  contribution  to  profit  keeping  personal  selling  expenditures 
constant  appeared  to  be  •CSi.18.   This  doesn't  allow  us  to  reject  the  hypothesis 
that  the  advertising  spending  rate  has  a  specific  effect  on  the  average  gross 

contribution  to  profits  of  industrial  products.   On  the  other  hand,  the  pnr- 
tial  correlation  coefficient  between  technical  service  spending  rate  and 
average  contribution  to  profit,  keeping  personal  selling  expenditures  con- 
stant, turned  out  to  be  ^  .06.   This  indicates  that  the  effect  of  technical 
service  expenditures  on  the  average  gross  contribution  of  industrial  products 
might  be  deeply  intertwined  with  that  of  personal  selling. 

The  Model 

Assume  a  relation  between  the  three  Industrial  marketing  spending  rates 
under  study  and  the  average  gross  contribution  to  profit  of  the  following, 
multiplicative  form: 

G    =  K  n   M^    , 

J  ' 

where  the  M  's  represent  the  various  marketing  spending  rates. 

This  model  has  some  important  characteristics.   It  allows  for  inter- 
actions between  predictor  variables  and  its  interpretation  provides  Inter- 
esting insights  into  the  process  of  how  industrial  marketing  spending  rates 
might  affect  products'  gross  contribution  to  profits.   In  this  respect  It 
can  easily  be  shown  that 
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1  -  a  represents  the  elasticity  of  Industrial  product  gross  contri- 

bution with  respect  to  marketing  spending  rate  M  . 

2  -  the  nature  of  returns  to  scale  can  be  inferred  from  the  simple 

summation  of  the  model  parameters:   E  a  . 

J  ^ 

3  -  the  rate  of  substitution  of  marketing  activity  M  for  marketing 


activity  M  Is  given  by 


dM      a.  M 
^11  "  "  dM^  "  ^  ^ 

In  addition,  this  model  is  linear  in  the  logarithms.   Given  the 
available  data,  the  new  dependent  variable  will  be  more  nearly  normal  than 
if  the  original  values  had  been  used.   The  statistical  tests  on  the  para- 
maters  of  this  multiplicative  model  will  then  be  more  meaningful  than  if 
a  simple  linear  model  relating  the  original  "rates"  had  been  used. 

The  use  of  a  multiplicative  model  has  important  limitations: 

-  First,  it  is  clear  that  the  model  does  not  allow  for  a  negative  average 
gross  contribution  to  profits  as  all  M  are  always  >  0.   This  does  not 
raise  a  crucial  problem,  however,  due  to  the  definition  we  gave  of  the 
gross  contribution  as  the  difference  between  sales  and  total  production 
cost.   Indeed,  one  might  reasonably  assume  that  companies  discontinue 
production,  when  their  average  production  cost  is  constantly  higher  than 
their  selling  price. 

-  Second,  assuming  ol  >  0,  the  model  allows  for  infinite  contribution  to 
profits  when  infinite  amounts  are  spent  on  marketing  activity  M  .   For 
this  reason,  it  is  clear  that  the  model  must  only  be  considered  aH  .i  uhc- 
ful  approximation  of  the  true  relation  within  the  range  of  the  observed 
data. 
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-  Third,  the  model  Implies  that  the  "effect"  of  an  additional  dollar  in 
any  M  is  the  same  for  all  industrial  companies  represented  in  the  sample, 

w 


Parameter  Estimation 

There  are  several  estimation  problems  related  to  our  data.   The  first 
is  that  the  independent  variables  in  our  model  are  subject  to  error.   Indeed, 
the  use  of  security  coefficients  resulted  in  the  introduction  of  a  random 
component  in  the  reported  marketing  spending  amounts. 

Regression  techniques,  used  to  estimate  the  model  parameters,  assume 
that  only  the  dependent  variable  —  i.e.  the  average  gross  contribution  to 
profits  —  is  subject  to  error.  When  both  the  dependent  and  the  Independent 
variables  are  subject  to  error,  least  squares  regression  becomes  highly 
inefficient  [8].   In  order  to  estimate  our  model,  we  then  assume  that  random 
fluctuations  of  the  Independent  variables  are  negligible. 

Another  problem  is  multicollinearity.   This  is  not  unexpected  as  the 
several  spending  rates  are  intercorrelated  and  further,  that  for  any  given 
marketing  activity,  say  personal  selling,  the  autocorrelcation  of  its  spending 
rate  over  time  is  quite  high. 

This  multicollinearity  problem,  has  two  important  implications. 

-  First,  ordinary  least  squares  regression  usually  lead  to  large  standard 
deviations  of  the  estimated  parameters  a  .   These  coefficients  are  often 
large  in  absolute  value,  and  may  even  have  the  wrong  sign. 

-  Second,  due  to  the  interdependency  among  the  predictor  variables  it 
becomes  more  difficult  to  select  those  which  are  most  meaningful. 
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For  these  reasons,  we  decided  to  use  Ridge  regression,  an  excellent 
description  of  which  is  given  by  Hoerl  and  Kennard  [9]  and  [10].   The  idea 
underlying  Ridge  regression  is  that  we  can  study  the  sensitivity  of  the 
regression  estimates  to  the  multicollinearity  problem,  by  adding  a  small 
positive  constant  k  on  the  diagonal  of  (X'X),  where  X  denotes  the  matrix 
of  predictor  variables.   The  important  point  is  that  we  know  that  for  some 
value  of  k,  our  estimates  will  be  closer  to  the  true  value  of  the  parameters 
than  the  ordinary  least  squares  estimates. 

Our  first  task  is  to  reduce  the  original  set  of  six  marketing  spending 
rates  —  ^^_i »  ^^»  ^t    i»  ^j-»  ^t-»  ^  _i  —  ^°  ^^  included  in  the  final  model. 
The  use  of  the  Ridge  Trace  [10]  as  a  way  to  identify  the  most  meaningful 
subset  of  prediction  variables  led  to  the  selection  of  A  ^,  P  ,  S  . 


The  Ridge  Trace  for  the  corresponding  model 


a    a    a 

G  =  K  A  %  P  P   S  ^ 
t       t-1   t    t 


appears  in  the  Appendix,  Exhibit  I.   This  Trace  is  fairly  stable.    This 

is  specifically  true  for  a*  ,  the  standardized  coefficient  of  A  ,  and  to 

a  t-1 

*       * 
a  lesser  extent  for  a   and  a   .   The  question  of  deciding  whether  S  should 

p       s  °         t 

be  dropped  from  the  model  is  unclear.   The  effect  of  technical  service  and 

personal  selling  spending  rates  on  the  average  gross  contribution  to  profits 

are  deeply  intertwined  so  that  both  variables  may  in  fact  represent  the 

same  basic  factor.  We  decided  however  to  keep  S  in  the  model  on  the  haslH 

that  conceptually  we  expected  the  technical  spending  rate  to  havi-  .i  Ht-paruLe 
effect  —  weak  perhaps  —  on  the  dependent  variable. 
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The  estimated  model  parameters,  evaluated  at  k  =  .07,  are  given  by! 

3 


TABLE  I 


Response 
Variable 
n=50 

Scale 
Factor 
K 

Ridge  Estimates  of 
the  Parameters 

r2 

cr2 

F(3/46) 

a 
a 

a 
P 

a 
s 

(t-stat) 

162 
(2.7) 

.17 
(1.29) 

.79 
(2.49) 

-.08 
(.47) 

.26 

.21 

5.29 

The  fit  that  we  get  is  unsatisfactory  and  the  residuals  analysis  indicates 
that  some  extreme  observations  are  present  in  the  original  sample. 

In  order  to  study  how  the  estimates  of  the  model  parameters  were  sen- 
sitive to  this  problem,  we  used  Robust  Regression,  a  description  of  which 
appears  in  Choffray  [6],   Robust  Regression  provides  estimates  of  the  para- 
meters a     that  are  not  significantly  affected  when  the  assumption  of  normality 
of  the  distribution  of  errors  is  no  longer  supported  by  the  data. 

Our  concern  comes  from  the  fact  that  ordinary  L.S.  regression  associates 
an  important  loss  to  outliers,  and  clearly,  this  is  not  justified  when  these 
extreme  observations  are  the  result  of  errors  at  some  stage  of  the  data 
collection  or  coding  phase. 

In  our  Robust  estimation,  we  use  a  bounded  loss  function  that  associates 
a  constant  loss  to  extreme  observations,  and  so  considerably  reduces  their 
influence  on  the  estimates. 

The  Robust  Regression,  was  performed  on  all  50  observations  with  the 

model 

a    a   a 
t        t-1   t    t 
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The  Robust  Trace  for  this  model  is  shown  in  the  appendix.  Exhibit  II.  The 
Trace  relates  the  standardized  regression  coefficients  to  the  parameter  r. 
When  r=l,  the  Trace  reproduces  the  Least  Absolute  Residual  (LAR)  estimates 
of  the  parameters,  and  for  r=0,  it  reproduces  the  least  squares  estimates. 
As  r  increases,  more  points  are  considered  as  extreme  and  are  set  aside. 

The  estimates  of  the  model  parameters  are  sensitive  to  a  few  individual 

sample  points.   Note  however  that  the  relative  importance  of  the  coefTlclents 

* 
does  not  change.   The  standardized  coefficient  a  is  the  largest  of  the  three, 

* 
independently  of  the  value  of  r.   The  coefficient  of  A  _  ,  a  is  fairly 

* 
stable.   As  expected,  the  only  problem  concerns  a  ,  the  standardized  coef- 

s 

flcient  of  S  ,  whose  sign  changes  over  the  range  of  r. 

The  interest  of  a  Robust  regression  lies  in  the  residuals  analysis. 
Indeed,  at  r=.175  we  know  that  our  estimates  are  95%  efficient  and  we  would 
like  to  know  how  many  points  of  the  original  sample  have  been  effectively 
discarded.   For  this  reason  we  have  included  in  the  appendix,  the  residuals 
and  weights  of  the  original  observations  corresponding  to  r=.175  and  r=.238. 
These  values  of  r  correspond  approximately  to  an  efficiency  of  .95,  and  .80 
respectively. 

For  r  =  .175,  the  Robust  procedure  discards  8  points  and  gives  a  weight 

2 
less  than  .7  to  two  other  points.   The  resulting  weighted  R  =  .57.   For 

r  =  .238,  7  additional  points  receive  a  weight  less  than  .7  and  the  resulting 

2 
weighted  R  is  .64.   We  will  not  consider  larger  values  of  r,  which  result 

in  a  low  efficiency  of  the  estimates  and  a  substantial  reduction  of  the 

effective  sample. 
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It  is  interesting  to  see  that  at  r  =  .175  and  r  =  .238  the  estimates 

*      * 
of  a  and  a  do  not  change  very  much.   Note  that  for  these  values  of  r, 
P      s 

the  estimate  of  a  ,  (.48),  can  be  considered  as  a  lower  bound  on  the  true 
P 

* 
value  of  a  ,  as  the  trace  for  a  reaches  its  minimum  in  the  neighborhood 
P  P 

of  r  =  .2.   So  we  feel  reasonably  confident  in  the  estimates  of  a  ,  a  and 

a   p 

K  which  correspond  to  r  =  .175  and  are  given  by 


TABLE  II 


Response 
Variable 

n  =  50 

G 

t 

(t-stat) 

Scale 
Factor 

K 

Robust 
of  the 

estimates 
parameters 

Weighted 

r2 

Weighted 

F 
(3/4()) 

a 
a 

a 
P 

a 
s 

131 
(8.83) 

.14 
(2.64) 

.48 
(3.72) 

.09 
(1.28) 

.57 

20 

The  estimates  of  K,  a  and  a  are  statistically  different  from  zero 

a      p 

at  the  .05  level,  while  the  significance  of  ot  cannot  be  established. 

Note,  that  we  have  lost  5%  of  efficiency,  relative  to  the  usual  L.S. 
estimates.   However,  we  certainly  accept  this  "insurance  premium"  that 
guarantees  us  from  the  harm  that  some  extreme  observations  could  cause  to 
our  estimates. 

Two  additional  Robust  Regressions  were  run  to  test  whether  the  estimates 
of  a  ,  a  ,  and  a  would  be  considerably  affected  by  taking  into  consideration: 

-  the  product  stage  in  the  life  cycle,  and 

-  a  company  factor 
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In  order  to  introduce  these  effects  into  the  model,  we  defined  two 
dummy  variables  to  account  for  the  stage  in  the  life  cycle  effect  —  z, ,  z«  — 
and  four  others  —  K  ,  K  ,  K  ,  K   —  to  represent  the  company-specific 
effect.   These  variables  were  introduced  in  the  model  so  that  their  coefficient 
would  affect  the  scale  factor.   Results  are  presented  in  Table  III  for  r=.175. 

These  results  imply  a  life  cycle  effect  on  product  contribution  to 
profits.   Indeed  for  a  given  level  of  marketing  spending  rates  industrial 
products  that  are  in  stage  I  of  the  life  cycle  have  relatively  higher  average 
gross  contribution  (K  ~  $666)  than  products  that  are  in  stage  II  (K  ~  $153), 
and  than  products  that  are  in  stage  III  (K  -   $138).   Note  that  the  explicit 

consideration  of  the  stage  in  the  life  cycle  in  our  model  did  not  Improve 

2 
the  fit  substantially.   Indeed,  the  weighted  R  at  r  •=  .175,  which  Ik  now 

.63,  was  .57  when  only  the  three  marketing  variables  were  considered. 

The  presence  of  a  company -pro duct  effect  is  especially  evident  for 
company  number  10.   This  may  suggest  that  some  variables  related  to  indus- 
trial products'  gross  contribution  to  profits  have  been  omitted  from  the 
model  and  should  be  introduced  in  further  analysis.   When  we  introduce  a 
company  effect,  a  ,  the  coefficient  of  the  technical  spending  rate  becomes 

statistically  different  from  zero.   Note  also  that  the  fit  is  significantly 

2 
improved,  as  the  weighted  R  is  now  .83. 

For  comparison  purposes,  we  have  reproduced  in  Table  IV  the  main  resultH 

of  our  analyses  concerning  the  hypothesized  effect  of  advertising  (a  ), 

personal  selling  (a  )  and  technical  service  (a  )  spending  rates  on  the 

P  s 

average  gross  contribution  to  profits  of  industrial  products. 


-17- 


TABLE  III 


Model   I:      LnG     =  LnK  +  C,Z,    +  CZ^   +  a  LnA     ,    +  a  LnP      +  a  LnS 
t                       112   2a        t-1          p        t          St 

Coefficient 

Robust  Estimates  of   the 
Parameters 
(t-stat) 

Fit 

LnK 
^1 

a 
a 

"p 

a 
s 

'-'^''    (9.27)* 

^■''^'    (2.54)* 
0.0983    (      29) 

°-2^°^    (3.65)* 
0-4286    (3   33), 

O-O^^^    (    .86) 

2 
weighted  R                =        .63 

weighted   F(5/44)    =   14.7 

Model   II:      Lnc;     =   LnK+C„K„+C,K,+C-K-+C  ^+K,„+  u  LnP      ,+  a  LnP  +a   LnS 
t                    2^4499      lO      10        a        t-1        p        t      s        t 

Coefficient 

Robust  Estimates   of   the 
Model  Parameters 

Fit 

LnK 
^4 

So 

a 
a 

a 
P 

a 
s 

^•^^^^    (5.30)* 
°-^^^^    (1.68) 
°-«^l^    (1.28) 
-°-3"l    (    .76) 
^•"^^    (11.26)* 
0-1217    (2,07)* 

O-^^^O    (2.76)* 
0.3705    (^_^3), 

2 
weighted  R                =        .83 

weighted  F(7/42)    =   30.48 

*  means  that  the  corresponding  estimates  are  statistically  different  from 
zero  at  the  .05  level. 
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The  scale  factor,  K,  has  not  been  introduced  in  this  table  as: 

-  the  value  of  K  depends  on  the  stage  in  the  product  life  cycle  and 
on  the  company  under  consideration. 

-  the  value  of  K  does  not  affect  the  analysis  of  the  results  of  our  study, 


TABLE  IV 


Robust  Estimates  of  the  Parameters 
r  =  .175 


model 

simple 

"Life  Cycle" 

"Company"  Effect 

parameters 

Model 

Effect  Added 

Added 

a 
a 

.139  * 

.210  * 

.121  * 

a 
P 

.482  * 

.A28  * 

.371  * 

a 
s 

.095 

.062 

.370  * 

*  means  that  these  estimates  are  significantly  different  from 
zero  at  tlie  .05  level. 
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Discussion  of  Results 

We  will  eliminate  technical  service  from  our  discussion  of  results  as 
the  estimate  of  a  has  been  found  quite  unstable,  and  strongly  influenced 
by  the  company  factor.   A  larger  data  base,  however,  might  help  dissociate 
the  specific  effect  of  technical  service  expenditures  from  the  effect  of 
personal  selling. 

The  results  of  this  study  do  not  allow  us  to  reject  the  hypothesis  that 
higher  gross  contribution  to  profits  are  supported  by  larger  personal  selling 
and  communication  spending  rates.   Indeed,  the  results  imply  that  those  indus- 
trial products  for  which  more  is  spent  in  personal  selling  and  advert  Is  inj.-, 
per  potential  customer  tend  to  be  those  realizing  the  largest  gross  contri- 
bution to  profits  on  a  customer  basis. 

The  best  model  to  relate  Industrial  products'  contribution  to  profits 
to  marketing  spending  rates  was  found  to  include  A  _  ,  P  and  S  .   The  results, 
however,  were  not  changed  fundamentally  when  A  was  used  instead  of  A  -.  . 
It  is  then  delicate  to  make  inferences  concerning  the  lagged  effect  of  com- 
munication expenditures,  although  the  results  seem  to  indicate  that  adver- 
tising could  have  a  lagged  effect. 

The  relative  importance  of  these  two  elements  of  the  industrial  marketing 
mix  is  interesting  to  consider.   The  personal  selling  spending  rate  has  been 
consistently  found  to  be  the  most  important  element  of  the  marketing  mix  in 
terms  of  its  association  with  the  average  gross  contribution  to  profits. 
Indeed,  the  elasticity  of  the  average  gross  contribution  to  profit,  with 
respect  to  the  personal  selling  spending  rate  was  found  to  be  approximately 
between  two  and  three  times  larger  than  the  elasticity  of  this  same  measure 
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with  respect  to  the  advertising  spending  rate.   If  we  were  to  make  the 
(strong)  assumption  of  causality,  the  model  then  implies  that  the  budget 
should  be  allocated  in  such  a  way  that  the  ratio  of  the  communication  spend- 
ing rate  to  the  personal  selling  spending  rate  equals  the  ratio  of  the 
elasticity  of  the  average  gross  contribution  with  respect  to  both  of  them. 

I.e.,   A/P  =  a  /a  ,  where  a  /a  was  found  to  lie  in  the  interval  [.33,  .501. 
a  p         a  p  L.J 

As  these  two  marketing  spending  rates  are  both  defined  with  respect  to  the 
number  of  potential  customers,  our  data  indicate  that  the  overall  industrial 
advertising  budget  should  represent  between  1/3  and  1/2  of  the  total  personal 
selling  budget!   This  contrasts  with  the  median  ratio  (-  .11)  found  in  our 
sample. 

The  substitution  between  personal  selling  and  communication  expenditures 
is  also  interesting  to  discuss.   The  rate  of  substitution  of  communication 
for  personal  selling  is  given  by 

s    =-^  =    i    .  A 

a,p     dP     a   '   P 
a 

As  the  ratio  a  /a  varies  approximately  in  the  interval  [2,3]  we  can  get  an 
P  3 

estimate  of  the  upper  and  lower  bounds  on  S    when  we  know  the  current  level 

a,p 

of  both  A  and  P.   On  the  basis  of  the  observed  data  it  appears  that  a  reason- 

* 
able  estimate  of  A/P  is  1/6.    So,  if  we  assume  that  the  estimated  relation 

is  indeed  true,  the  bounds  on  S    are: 

a,p 

S    (upper)   ^   ^ 
a,p 

S   ^^°"">   =   .33 
a,p 


*This  estimate  is  based  on  the  ratio  of  the  average  spending  rate  for 
advertising  and  personal  selling  in  1973. 
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Again,  a  causal  interpretation  of  our  model  could  lead  to  more  spending  (on 
the  average)  for  advertising  at  the  expense  of  personal  selling  in  our  sample. 
As  far  as  the  nature  of  returns  to  scale  is  concerned,  the  results  indi- 
cate that  the  sum  of  a  ,  a  ,  and  a  is  consistently  less  than  1.   So.  these 

a   p       s 

results  do  not  support  the  hypothesis  that  increasing  returns  to  scale,  in 
terms  of  products'  gross  contribution  to  profits  exist  in  industrial  market- 
ing. 

Conclusions 

The  results  of  this  study  allowed  us  to  give  tentative  answers  to  some 
important  questions  faced  by  industrial  marketers.   Specifically,  our  results 
indicate  that: 

-  the  hypothesis  according  to  which  industrial  marketing  activities 
support  larger  contribution  to  profits  cannot  be  rejected. 

-  personal  selling  expenditures  are  the  most  important  element  of  the 
industrial  marketing  mix  in  terms  of  its  association  with  products' 
gross  contribution  to  profit. 

-  the  hypothesis  according  to  which  industrial  marketing  activities 
produce  decreasing  returns  to  scale  is  supported  by  the  available 
data. 

Finally,  if  our  model  is  given  a  causal  interpretation,  then  companies 
represented  in  the  sample  could  be  overspending  on  personal  selling. 

By  using  personal  selling,  communication  and  technical  service  spending 
rates,  we  were  able  to  "explain"  57%  of  the  total  variation  in  industrial 
products'  contribution  to  profits.   As  noted  earlier,  the  importance  of  the 
company  effect  confirms  that  some  important  product -market  characteristics 
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were  omitted  from  the  model.   Future  research  should  concentrate  on  the  iden- 
tification of  these  characteristics  and  on  their  integration  in  a  model. 

Many  problems  we  encountered  in  this  study  were  associated  with  the 
use  of  cross-sectional  data  to  estimate  a  model  of  response  to  industrial 
marketing  activities.   From  a  methodological  point  of  view,  the  use  of 
cross-sectional  data  to  estimate  such  a  model  presents  serious  weaknesses 
that  have  been  discussed  by  Quandt  [11]. 

Despite  these  weaknesses,  the  study  provides  some  indications  about 
how  industrial  marketing  activities  might  work.   The  use  of  time  series 
data  could  allow  us  to  dig  deeper  into  the  industrial  marketing  mix 
problem. 
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